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Introduction 
During the  f i r s t  o r  booster stage of f l i g h t  many 
liquid-propellant rockets have experienced severe lon- 
g i tudinal  vibrations caused by a closed loop in terac t -  
i on  between the  f i r s t  longitudinal  s t ruc tu ra l  mode and 
the  dynamics of the  propulsion system. T h i s ,  "POGO" 
ins t ab i l i t y ,  reviewed i n  Reference 1, has been the  sub- 
j e c t  of intensive research since it was f i r s t  encoun- 
tered. One of the  most important t rans ients  i n  the  
dynamic modelling of the  propulsion s stem i s  the  "cav- S i t a t i o n  compliance" of the  turbopumps defined a s  the  
negative of t he  derivative of the cavity and bubble 
volume i n  the  pump and i t s  suction l i n e  with respect  
t o  the section pressure. Thus, it describes the occil-  
l a t o r y  source/sink behavior of the  pum due t o  changes 
i n  the  cavity volume. Past  analysesl.q have suggested 
dividing this compliance i n t o  two components correspon- 
ding t o  the  two major types of pump cavitat ion,  namely 
blade cavi ta t ion  and back-flow cavitat ion.  
The purpose of this paper i s  t o  present  some pre- 
liminary r e s u l t s  of theore t ica l  calculat ions of blade 
cavitat ion compliance. The most sa t i s fac tory  s t a r t i ng  
point  would be a theory f o r  unsteady cavi ta t ing  flow 
i n  a cascade. Whilst work on t h i s  i s  i n  progress a t  
the  present time, the  low frequency o r  quas is ta t ic  
approach based on exis t ing  steady flow theory i s  much 
simpler and i n  i n s e l f  y ie lds  in t e re s t ing  resul t s .  
Linearized Theory f o r  Cavitating Cascades 
Free streamline potent ia l  flow models of cavita- 
t i o n  on a cascade of f o i l s  have been employed exten- 
s ive ly  i n  the  pas t  t o  study blade cavi ta t ion  i n  turbo- 
machinery. Though there  have been more exact a.nalyses5 
most of the methods have been based on a l inear ized  
approach and many of the  l a t t e r  su f f e r  from t h e i r  ne- 
g l ec t  of f i n i t e  blade thickness. The present compu- 
t a t ions  a r e  based on an adaption of the simple solu- 
t i on  of Acosta and ~ o l l a n d e r ~  f o r  p a r t i a l  c a v i t i t e s  on 
a cascade of i n f i n i t e l y  long f o i l s  ( a s  shown i n  Fig. 1 
where the  symbols used below a re  defined). T h i s  ge- 
ometry i s  then conformally mapped i n t o  the  <-plane of 
Figure 2 by 
I $ 1  
With i n f i n i t e l y  t h i n  blades and the  conventional l i n -  
ear iza t ion  the  solution f o r  w({) = u-iv (u,v a r e  velo- 
c i t y  components i n  the x,y d i rec t ions)  could then be 
writ ten down by inspection. The present  authors, how- 
ever, considered the  question of how the important 
e f f ac t s  of f i n i t e  leading edge radius and blade thick- 
ness might be most ea s i ly  incorporated i n t o  t h i s  solu- 
t ion.  This was accomplished by the  addit ion of the 
simple round-nose signular  component - i ~ / t  t o  the  ex- 
pression fo r  w(t ) ; then 
(1 + m3 = v ~ / v ~ ,  Vc being the cavity f r e e  streamline 
velocity. The r e a l  constants A and B and (rcan be 
found i n  terms of D, P by the application of t h e  con- 
d i t ions  a t  upstream and downstream in f in i ty .  
The coordinates of a point on the  cavity/foil  pro- 
f i l e  were then calculated i n  terms of the  'parameter' 
5 (5 = 8 + i q )  . Outside the int%rval 0 < 5 < P , the f o i l  
p ro f i l e  becomes 
the  absicca x being given by Eq. (1 ) .  Then assuming 
t h i s  t o  be t h e  hidden f o i l  p ro f i l e  within tha t  i n t e rva l  
a s  well, the leading edge redius i s  2 2D cos P/V? and 
the  r a t i o  of downtream f o i l  thickness/normal cascade 
spacing, d", i s  D/v~.  The cavity p ro f i l e  i s  described 
by an addition, yc ( f ) ,  on top of t he  f o i l  p ro f i l e  where 
A dimensionless volume of the cavity/unit depth o f  %he 
plane, V*/h2, was then calculated f o r  various values of 
0, OC, B y  d*. Sample calculations of K*= (-aV*/aCr)/h2 
with cc= 5O, p= 75' a r e  shown i n  Figure 3. ( ~ o t e  tha t  
i n  the  above analysis  and Figure 1, h, t he  blade spac- 
ing, i s  s e t  t o  2 T ) .  Increase i n  the  blade thickness, 
d*, causes an increase i n  the choked cavitat ion number, 
Uc. But Figure 3 shows tha t  t he  compliance e f f ec t  be- 
comes reversed above a cer ta in  cavitat ion number, 
T, 0.039 i n  the  present sample calculation. 
Blade Compliance 
From t h e  def in i t ion  of cavitat ion number the blade 
compliance K may be related t o  the  calculated K* by 
* 2h Ai 
K = K  - 
v 2 1  
where A. i s , t h e  inducer i n l e t  area, Z t he  number o f  
blades h d  P the  l i qu id  density. A s  an aside, note 
t h a t  K* can be re la ted  t o  dimensionless compliance of 
Ghahremani and ~ u b i n ~ .  Most of the experimental data2y4 
has been obtained fo r  pumps whose inducer i s  r e l a t ive ly  
highly loaded. Thus the  backflow i s  large  and i t s  com- 
pliance dominates t h a t  due t o  blade cavitat ion so t h a t  
the  experimental values f o r  t o t a l  compliance generally 
l i e  t o  the r i g h t  and above the curves i n  Figure 3. One 
might, however, expect be t ter  correlat ion between t h e  
present theory and experiment f o r  l i g h t l y  loaded indu- 
cers  i n  which the  backflow i s  small. 
where the  cavi ta t ion  number, 5 ,  is  defined by 
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Figure 2 Conformal Mapping in to  Plane 
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Figure 3 Blade Compliance a s  a Function of Cavitation Number fo r  an Inducer 
